To test adrenal responsiveness of beef were increased in calves ( + l 2 8 pg/mL, P < .001) and cattle to stress, plasma norepinephrine? epinephrine, dams ( + l 0 4 pg/mL, P < .001) on the 2nd d before and cortisol responses of Angus x Hereford cattle to animals were reunited, and decreased after calves weaning were measured in blood samples taken from (-162 pg/mL, P < .OOl) and dams (-101 pg/ml, P < 1 ) eight cows and their 4-to 6-mo-old calves before .001) were reunited. There were no significant effects and after separation and, the following day, before and of time on catecholamine concentrations for control after being reunited and 2) an equal number of animals. Cortisol concentrations for treated and concontrol animals. After separation and before they were trol animals tended to increase in sequential samples reunited, dams were returned to their original pen each day; however, the increases were small (-1 ng/ and calves to an adjacent pen. Experimental trials mL) and concentrations remained low (> 5 ng/mL). In were conducted every 2 wk and included two cow/calf conclusion, peripheral catecholamine concentrations in pairs per trial. Norepinephrine concentrations tended beef calves and epinephrine concentrations in dams to increase in calves after separation, were increased increased in response to stress associated with wean-(+82 pg/mL, P < . O l ) on the 2nd d before animals ing and separation.
Introduction
Peripheral catecholamine release in lactating dairy cows is refractory to stress Lay et al., 199213) . To determine whether catecholamine release is also refractory to stress in beef cattle, peripheral catecholamine concentrations were measured in response to weaning. In this study, concentrations of adrenal hormones in dams and calves were measured before and after separation. The adrenal hormones (norepinephrine, epinephrine, and cortisol) are commonly used as indices of stress (Lefcourt, 1986) . To maximize the potential for detecting a change in peripheral catecholamine concentrations, dams and calves were ' The assistance of R. Barfield for conducting the experiment, laboratory analyses, and preparation of the manuscript is gratefully acknowledged.
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J. h i m . Sci. 1995 Sci. . 73:2669 Sci. -2676 housed in adjacent holding pens after separation and reunited the following day. Responses to reuniting dams and offspring were tested for two reasons. First, at the onset of the experiment it was not clear whether responses to handling would mask responses to separation. If so, a reduction in anxiety following reunification might be detected as a decrease in catecholamine concentrations. Second, calves might not realize the implications of separation immediately, and they might show a delayed response. If so, a delayed response might be detected as increased hormone concentrations 24 h later. Weaning and frustration at separation for rats can result in significant stress responses (Smotherman et al., 1977) .
Materials and Methods
Animals. During the 1st yr, three experimental trials were conducted every other week using two dams and their calves for each trial. Cattle were from the Beltsville herd and were bred from Angus x Hereford stock. Before each trial, the two cows with LEFCOLJRT AND ELSASSER their calves (ages 4 to 6 mo) were acclimated to a holding pen for 1 wk. Two days before the start of trials, dams were guided into two squeeze chutes in an adjacent barn. Calves were haltered and tied to the chutes within sight and touch of their dams. Dams were squeezed and calves were manually restrained during insertion of jugular catheters. Immediately after insertion of catheters, the animals were returned to the holding pen. At 0830 on the 1st d of each trial, dams were returned to the squeeze chutes and calves were tied to the chutes; dams' heads were restrained but the animals were not squeezed. Blood sampling was accomplished by two persons; one person took samples from dams and one from calves. After initial blood samples were drawn, the calves were moved outside of the barn and tied to poles approximately 10 m from their dams in an area where they could be heard but not seen by their dams. Blood samples were taken from all animals 4 and 45 min after separation.
Subsequently, dams
were returned to the original holding pen and calves to an adjacent pen. At 0830 on the 2nd d of each trial, dams and calves were returned t o the separated positions of the day before. After a blood sample was taken from all animals, the calves were returned to their dams. A second blood sample was taken 4 min later.
During the 2nd yr, five experimental trials were conducted every other week. Four of these five trials were control trials. Control trials were conducted as described, except that calves were not separated from their dams. In total, 16 cows with calves divided equally between treated and control groups were used for experimental trials. Experimental conditions during yr 1 and 2 were essentially identical (i.e., location, equipment, and personnel were identical). The major difference between yr 1 and 2 was that a major snow storm occurred before the last two control trials. Results for all experimental trials were similar, as were results for all control trials. Control trials were not conducted during the 1st yr, because the primary goal of the experiment was simply to determine whether catecholamine concentrations could be increased.
Blood Sampling. A polyvinyl catheter (.40 m in length) was placed into a jugular vein of each animal in the direction of the heart. Between samplings, catheters were filled with heparinized saline (200 IUI mL; SoloPak Laboratories, Boca Raton, FL). For each sample, 8 mL of blood was collected in a polystyrene syringe and immediately transferred to a 16-mm x 100-mm polyethylene tube on slushy ice; each tube contained 50 pL of heparinized saline (500 IU/mL) and .01 g of sodium metabisulfite (Fisher, Fairlawn, NJ) . Blood was centrifuged (20 min, 1,850 x g , 4°C) within 1 h. One-milliliter aliquots of plasma were stored at -80°C until they were assayed for cortisol and kept on ice for catecholamine extractions.
Catecholamines. Immediately after centrifugation, l-mL plasma aliquots were extracted into 125 pL of .02 M perchloric acid (Eastman Kodak, Rochester, NY) using 10 mg of activated alumina (Fisher) according to a slightly modified version of the procedure developed by Anton and Sayre (1962; Lefcourt and Akers, 1984) . Catecholamines were quantified using a HPLC assay with electrochemical detection (Davis et al., 1981; Nagatsu and Kojima, 1988) YMC (Wilmington, NC) 5pm ODS-AQ guard and 4.6-mm x 250-mm analytical columns in a Shimadzu CTO-6A column oven (40"C), and an EG&G Princeton Applied Research (Ewing, N J ) Model 400 electrochemical detector (7 10 mV, cathodic). Sensitivity at 1 nA was 2 pg; the offset was less than 3 nA. The mobile phase ( 1 mL/min), acetonitrile (3%, Kodak-Spectrograde), potassium dihydrogen phosphate (10.88 g/L, Kodak-ACS), potassium nitrate (10.1 g&, Kodak-ACS), sodium octylsulfonic acid (200 m&, Kodak, HPLC grade), and EDTA sodium ( 10 mgL, Kodak-ACS) at pH 2.7, was recirculated and degassed constantly with helium. For recirculation, the inlet and outlet ports of the electrochemical detector were electrically connected with a jumper wire t o eliminate electrical noise originating from the pump. Samples were injected every 15 min. Extraction efficiency averaged 70%, and CV for norepinephrine and epinephrine duplicates were 1 to 4%.
Cortisol. Cortisol was determined using a slightly modified version of a previously described RIA (Mayer and Lefcourt, 1987) . [1251] Cortisol in PBS and test tubes coated with antisera against cortisol were obtained from Diagnostic Products (Los Angeles, CA). Standards were hydrocortisone (Sigma) in .l M PBS at 0, 1, 3, 7, 16, 36, and 81 ng/mL. Standard tubes contained . l mL of standard solution and . l mL of cortisol-free bovine plasma; sample tubes contained .l mL of sample plasma and . l mL of PBS. After adding 1.0 mL of [1251]cortisol, tubes were vortexed for 5 S and incubated at 37°C overnight. Separation of the liquid (unbound) phase was achieved using a suction pipette. Coefficients of variation for duplicates of samples were 1 to 5%.
SfafisticaZ Analyses. Norepinephrine, epinephrine, and cortisol data were analyzed separately for calves and dams using a linear model (Procedure Mixed; SAS, 1992) . The model included factors for TREAT-MENT(separated or control) and SAMPLE-TIME.TREATMENT. Significance was tested against the factor ANIMAL(TREATMENT). Significance of responses was determined by evaluating predicted differences between measures a t appropriate sample times.
Results
Norepinephrine. On d 1, norepinephrine concentrations tended t o increase (54 pg/mL, P = .l21 in separated calves and to decrease (69 pg/mL, P = .09) in control calves following the time of separation. On d 2, concentrations for separated calves were initially increased (82 pg/mL, P < .O 1) compared with initial concentrations on d 1, and they subsequently decreased (88 pg/mL, P < .01) after calves were reunited with their dams. For control calves, initial concentrations on d 2 were decreased (54 pg/mL, P = .2 1) compared with initial concentrations on d 1 (Figure 1 ). There were no significant effects of time on norepinephrine values for separated or control dams ( Figure  1 ).
Epinephrine. (Figure 2 ). For separated and control dams, there were no significant effects of time on epinephrine values on d 1. On d 2, concentrations for separated dams were initially increased (104 pg/mL, P < .001) compared with initial concentrations on d 1, and they subsequently decreased (101 pg/mL, P < .001) after calves were reunited with their dams.
Epinephrine concentrations for control dams on d 2 were similar to concentrations on d 1 (Figure 2 ).
Cortisol. On d 1, cortisol concentrations increased in control calves (.g7 ng/mL, P < .05), separated dams (1.02 ng/mL, P < .05), and control dams (.g3 ng/ml, P < .05) following the time of separation compared with initial concentrations (Figure 3 ). On d 2, concentrations for separated dams increased (1.33 ng/mL, P < .Ol) with time ( Figure  3 ) .
Discussion
During development of the HPLC assay for catecholamines used in this study, blood samples were collected from dairy cows, sheep, and rats in response to numerous stressors, including handling and restraint, electrical shock, and isolation. Increased peripheral concentrations of catecholamines could easily be detected for rats and sheep; however, no significant increases could be detected for dairy cows (Lefcourt, unpublished data) . To formally test the catecholamine responses of lactating dairy cows to stress, seven cows were subjected t o increasing degrees of electrical shock until the experiment was terminated because of the seventy of behavioral responses. In contrast with what might be expected given responses of nonruminant species to similar magnitudes of electrical shock, the dramatic behavioral responses of cows to currents of 10 or 12.5 mA were not correlated with significant or prolonged physiological responses . Similarly, Lay et al. ( 1992b) found that catecholamine concentrations in lactating dairy cows were not affected by branding.
Subjecting dairy cattle to electrical shock can be justified to test potential effects of "stray voltage." However, beef cattle are not normally exposed to stray voltage. To comply with animal care and use guidelines, it was decided to initially test responses to a procedure that was common to beef cattle management and that had the potential to be stressful. Weaning was selected because it is stressful for other species, and because tests on dairy cattle were done during lactation, and lactation may inhibit stress responses (Lefcourt, 1986) . Weaning is a natural stage of the reproductive and development process. Generally, as offspring grow they become less dependent on their dams, and dams become less tolerant and supportive of their offspring (Reinhardt and Reinhardt, 1981; Le Neindre, 1984) . Separation is normally gradual. However, t o facilitate farm management, this gradual separation process is often interrupted by the abrupt and absolute removal of the offspring. In cattle operations, weaning commonly occurs when calves are 4 to 8 mo old (Lasley, 1981) .
The principle confounding factor for interpreting the results of this study, in terms of a response to dam-offspring separation, is the inability to differentiate between the effects of handling and of separation. However, handling effects are a normal part of weaning on farms. Calves must be restrained for transport, vaccination, and so on. Cows are also often handled extensively after removal of their calves. Thus, the protocol used for this study is probably a valid model of weaning under typical farming conditions.
Data concerning peripheral catecholamine concentrations in beef cattle are limited and, concerning stress, are restricted to responses of steers to heat stress (Davis et al., 1984) and calves to venipuncture simulation (Rulofson et al., 1988) , exercise (Blum and Eichinger, 1987) , and branding (Lay et al., 1992a) . Catecholamines have not been measured in cattle in response to weaning or separation. In two studies of weaning, cortisol was measured in dams; however, no indication was given as to the age of the calves at weaning and no measurements were made following weaning. Concentrations for weaned cows were 7.6 ng/mL at weaning and 18.5 ng/mL 1 h after calf removal. Data from a study by Faltys et (Lefcourt and Akers, 1984; Rulofson et al. (1988) , but they were much lower than Lefcourt et al., 1986) but were lower than values values reported by Lay et al. (1992b) . Baseline values reported by Lay et al. (1992a) for lactating dairy cows for 5-to 8-mo-old Simmental calves were 235 and 90 (-1.2 ng/mL for norepinephrine and -.5 ng/mL for pg/mL for norepinephrine and epinephrine, respecepinephrine). Norepinephrine and epinephrine values tively, and peaked at 675 and 165 pg/mL when for calves were comparable to those reported by Blum animals were walked on a treadmill at 60 m/min on a Calves t " 1 r' Figure 3 . Predicted means of plasma cortisol concentrations for separated (dotted lines) and control (solid lines) animals before and after removal (first arrow) of the calf on d 1, and before and after being reunited (second arrow) on d 2. Summary of pairwise comparisons w i t h calves or dams are provided in the table; *indicates P < .05 and **indicates P < .01. slope of 6" (Blum and Eichinger, 1987) . Baseline epinephrine, respectively, and were 275 and 200 pg/ values for 3-mo-old Freisian calves were 164 and 30 mL 1 min after venipuncture simulation (Rulofson et pg/mL for norepinephrine and epinephrine, respecal., 1988) . Baseline values for 9-mo-old crossbred tively, and peaked at 210 and 120 pg/mL after the calves were 2.5 and 1.5 ng/mL for norepinephrine and initial onset of simulated transport (Locatelli et al., epinephrine, respectively, and epinephrine increased 1989) . Baseline values for l-yr-old Angus calves were to 5.0 mg/mL at .5 min after hot branding (Lay et al., 160 and 100 pg/mL for norepinephrine and 1992a). The baseline values for our separated calves were 260 pg/mL for norepinephrine and 180 pg/mL for epinephrine. Peaks values on d 2 were 350 pg/mL for norepinephrine and 310 pg/mL for epinephrine. We have not found any previous studies that examined Catecholamine concentrations in lactating beef cattle, or responses of calves t o weaning and separation. In the present study, epinephrine concentrations tended to increase in cows and calves after separation, were greatest before animals were reunited, and decreased after animals were reunited. Norepinephrine concentrations tended to increase in calves after separation, were greatest before animals were reunited, and decreased after animals were reunited. Catecholamine values for control animals remained low.
-

Cortisol concentrations in the present study are on the low end of the range previously reported for cattle (Whisnant et al., 1985; Faltys et al., 1987; Mayer and Lefcourt, 1987; Locatelli et al., 1989) and are much lower than values reported by Lay et al. (1992a,b) but are consistent with findings in a more recent study (Lefcourt et al., 1993) . In the present study, cortisol concentrations remained less than -5 ng/mL, although there was a general increase of -1 ng/mL over time on each day. This increase is probaLly not physiologically meaningful and is most likely due to restraint because the increase was apparent in separated and control animals. A similar phenomenon was observed in a previous study from our laboratory in which cows were subjected to different degrees of electrical shock; cortisol concentrations increased with time of restraint, and the magnitude of the increase was similar for shocked and control animals. Whisnant et al. ( 1985) found greater cortisol concentrations in dams after weaning, whereas Faltys et al. ( 198 7) found little difference in values between nonsuckled (weaned) and suckled beef cows. In the present study, we could not detect an increase in cortisol concentrations for dams or calves attributable t o weaning. For monkeys, rhesus macaque infants, but not their dams, had cortisol increases that could be attributed specifically to separation (Smotherman et al., 1979) . Rat pups have a delayed increase in corticosterone in response to dam-infant separation (Kuhn et al., 1990) . Two questions that need to be addressed are why we detected a catecholamine response t o weaning and not a cortisol response, and why the catecholamine response was primarily an increase in epinephrine. Sampling times in this study were not optimized for detection of an adrenal glucocorticoid response. It may be that cortisol concentrations actually peaked between the 4-and 45-min samples on d l. Sampling times were chosen to allow detection of catecholamine responses while minimizing the influence of handling associated with blood sampling. In terms of the catecholamine responses, epinephrine, but not norepinephrine, increased in response to hot branding of calves (Lay et al., 199213) . In addition, two of seven dairy cows subjected to a 10-mA electrical shock showed an increase in epinephrine, but not norepinephrine, values . One possible explanation for the lack of a cortisol response and for the differential catecholamine response pattern is a proposal by Henry ( 1993) that differing perceptions of stress result in different patterns of neuroendocrine activation. According to this proposal, coping patterns involving a loss of control ( a defeat reaction) would be expected to result in increased release of adrenal glucocorticoids with no change in release of catecholamines. In contrast, coping patterns involving a threat to control ( a defense reaction) would be expected t o result in increased release of adrenal catecholamines with little change in glucocorticoid release. Furthermore, norepinephrine would be released preferentially when an animal is retaining control, whereas epinephrine would be released preferentially when an animal is striving for control.
Implications
In this study, peripheral catecholamine concentrations of dams and their calves increased in response t o weaning. Catecholamine concentrations were greatest on the day after separation and decreased after dams and calves were reunited. Responses of the adrenal stress hormones to weaning differed; epinephrine increased more than norepinephrine, and cortisol remained unchanged. This differential response to weaning supports the idea that differing perceptions of stress result in different patterns of adrenal responses and implies that it is necessary to measure peripheral concentrations of catecholamines and cortisol to properly characterize stress responses of animals.
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